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muciisans  OLR: important player in radiation budget, CRE,
o Y - : : :
radiative forcings, and thus in climate change
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Flux of each band is easy to output from GCMs




What can the spectral dimension
offer?

Reveal compensating differences that cannot be
revealed in broadband diagnostics alone.



Example 1: clear-sky flux comparison

Using the green-house parameter to make the comparison.

Green-house parameter (efficiency)

[ B,(T,)dv=F,,(TOA)

[ B.(T,)dv

gAv

Physical Interpretation: Fraction of radiant energy over
a given band that originates from surface but gets
trapped within the atmosphere.
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Collocated AIRS & CERES obs. LW broadbandsoog4 Annual Mean
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Collocated AIRS & CERES obs. H,0 bands (0-540cm-, >1400 cm-1)
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Collocated AIRS & CERES obs., window region (800-980cm-)
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Example 2: Spectral decomposition of
broadband lapse-rate feedback

Contribution to ATs @2xCO,

_______J04001R

CanESM2  -0.08K
INMCM4  -0.04K

— CanESM2 -0.55 Wm/K
— INMCM4 055Wm2fK

LR feedback (W/m?/10cm™/K)

0 500 1000 1500 2000
Wavenumbericm™)



Can we get spectral flux from satellite
observations? the Spectral ADM approach

Soundings (AIRS, CrlS, IASI, HIRS, etc.): radiance
(W m~2 per freq per sr.)

Flux (ERBE, CERES, GERB): flux (Wm-)

F =2 Aa’v O](v;ﬂ)ﬂdﬂ (u = cosb)

Output: spectral flux at 10cm-'intervals through the entire longwave spectral range
(Huang et al., 2008; Huang et al., 2010; Chen et al., 2013; Huang et al., 2014)

http://www-personal.umich.edu/~xianglei/airs2ceres.html
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Obtain spectral flux from observations
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ECMWF 6-hourrly I
<T, g> profiles

CERES scene type discrete interva

Cloud parameters I and discretized pseudoradiance
(cloud fraction, I
Modtran™.-5 cloud top temperature,
and cloud emissivity)
Collocated AIRS

Synthetic AIRS spectra
Synthetic spectral fluxes

Spectral ADMs for
AIRS channels R (0)

measurements 7 ,;54(v,0)

Orthogonal basis @ Vector of spectral fluxes F,,. ={F,}. F, =71 ,,(v.0)/R,(0)

and the subset @,

A complete set of F,

Least-square estimates
From 10 to 2000cm!

€~ ((I):HRSq)AIRS )71 q)*AIRS (Fyms — FArRs )

Spectral fluxes at other channel F,,,,_...s = F,airs T P ropains®

CERES flux and radiance are never used. Only ancillary info in the CERES datasets are used.

Output: spectral flux at 10cm-' intervals through the entire longwave spectral range



Stratifying OLRzs Huang OLRceres (Wm): cloudy observations
over the lands
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Global OLR g5 huang OLRceres: @nnual means and year to year
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Usages: (1) Model evaluation; (2) Tuning for SARB product; (3) Obs-based cloud radiative
kernel (Yue et al., 2016, J Climate)



Spectral radiative feedbacks

* Following the broadband radiative kernel
approach, we have developed and validated a
set of LW Spectral Radiative Kernel (SRK;

Huang et al., 2014b)

* With this set of LW SRK, you can derive LW
spectral feedbacks from monthly-mean

CMIP3/CMIP5 archives. 5, 5X
A=~ x T, WmPK
A __OR X Wm=2cm 1K
X OT

The LW SRK can be provided upon request



Spectral RH feedback (W/m?*/K/cm!)
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The “constant-RH” feedbacks
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Scrambling information from the spectral dimension
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Profiles of cumulative RH feedback (W/m?/K)



GFDL-CM3

Scrambling information from the spectral 200
dimension: a truncated SVD approach (in
progress)

True
reconstructed |

True: actual Alog(RH)

300
From CM3 1% CO, simulation.

Reconstructed: a truncated-SVD estimate
from the CM3 spectral RH feedback (9
leading singular values).
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Conclusions and Discussions

* Spectral dimension has its potential in model
development and climate diagnostics
— It can help expose offset biases
— Available from observations
— Computable from model archives (or online simulator)

 How to include spectral band info in the tuning of
GCM/NWP model?

e Biases in radiation budget and biases in
geophysical variables

— Can the spectral diagnostics be the bridge to make the
closure for error diagnostics in energy budgets and in
thermodynamic fields?

Monthly gridded spectral flux and CRE (Sep 2002 to Nov 2014) are available
via http://www-personal.umich.edu/~xianglei/datasets.html.
The spectral radiative kernels available upon request.
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Averages of net TOA broadband flux R(x,y;t)

5, R 8X Wm-2K2

\ Change of global-mean surface temperature
X : [Temp, WV, cloud, albedo]

(Soden et al., 2008)

R has another dimension, the frequency v

Spectral radiative feedbacks

A =- 0. R, X Wm=2cmtK?
' oX oT,
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Collocated AIRS & CERES obs. LW broadbandsoog4 Annual Mean
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Collocated AIRS & CERES obs. H,O bands (0-540cm-', >1400 cm-)
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Collocated AIRS & CERES obs., window region (800-980cm-)
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